Lanthanide "blockade" of antigen-presenting cells suppresses lymphocyte proliferation by inducing nitric oxide synthesis.
Introduction of antigen into the portal venous circulation can induce a state of antigen-specific tolerance. Reversal of this phenomenon by the administration of gadolinium chloride (GD) before portal venous inoculation with antigen has been thought to result from the inhibition of macrophage phagocytosis by GD, thereby permitting passage of antigen through the hepatic sinusoids into the systemic circulation where sensitization can occur. We recently demonstrated that i.v. GD also greatly enhances the ability of the hepatic macrophage, or Kupffer cell (KC), to suppress lymphocyte proliferation in vitro. In this study, lymphocytes from ovalbumin (OVA)-immunized Lewis rats were cocultured with OVA plus KC or adherent splenocytes from syngeneic rats injected i.v. with GD or saline. Whereas small numbers of either hepatic or splenic untreated macrophages enhanced lymphocyte proliferation, both macrophage populations treated with GD were markedly inhibitory. Neither the presence of lymph node macrophages nor of normal KC was able to prevent the effect of GD-treated KC indicating a mechanism of active suppression rather than defective macrophage antigen uptake, processing, and presentation. While cyclooxygenase inhibition had no effect, the addition of inhibitors of nitric oxide synthase, i.e., aminoguanidine and NG-methyl-L-arginine, fully reversed the suppression of proliferation by GD-treated macrophages. Nitrite, but not PGE2, levels correlated with the degree of inhibition by the GD-treated macrophages. The suppression of lymphocyte proliferation and elevated supernatant nitrite levels associated with the presence of GD-treated macrophages were reversed when the macrophages were preincubated with EDTA indicating that GD's effect was directly on macrophages and due to its persistence in cultured cells. The findings of this study suggest that GD's in vivo prevention of portal venous tolerance may be due to enhanced nitric oxide synthesis whose effect on lymphocytes could be to inhibit adhesion or replication in the hepatic sinusoid.